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Introduction Method
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3D seismic ray modeling is very useful in various areas of applications in the petroleum
In the course of geothermal projects we came up with the problem of fault zone modeling. In !ndugtry,_ .9 syn’ghetic seismograms, P.SDM’ hybrid. modeling, .attribute mapping, _and
seismic data we are only able to see discontinuities which we interpret as two-dimensional |Ilubm|r;at|o(rj1 af?a_lys!(s. | Maqry]/ of t_?ﬁse ?ppllcatlr?ns r(jeqqgedat modetl;]ng?)sDyster(;] ;’.V'th fI?tX|bIe,
faults. Due to the seismic resolution it is generally impossible to depict the fault thickness. robust, ana eriicient aigoriinms. Theretore we have decided 1o Use Ihe oL modeling software
With this research project we try to investigate the effect of fault zone thickness on the NORSAI?? to genter\a;l_te_ sy?thlet;cggglsmc()jgtrhams. Tl}'s stoftwaf[e p?cka}[gehls_ baseg on the
seismic images. For this purpose we apply seismic forward modeling onto existing open model concept (Vinje etal., ) and the wavefront construction technique (Cerveny,
geological models. This abstract represents the initial phase of this research project. In a 1985).
first step we started with a simple unfaulted geological model to become familiar with the L . . .
Woron o ST orward OGN, Asan e s geclogcl Mo o
rezﬂﬁr of ,I[E: foriNaerr:j |sml(J)sdee”ng \IIDer:)ICyeSSeSI;/]neﬂ:%t[ieCaslﬁgtagnathgeercs)‘, Ov?/g:rz g]gneerétecll. ThZ geological (layered) 3D model with seismic properties. A typical input model for generating
verification process is done by comparing interpretations of real seismic data with synthetic seismograms is characterized by a number of interfaces (surfaces), which are often
interpretations from seismic synthetic data. of complex nature (faulted). Due to bad seismic quality the interpretation can often be
incomplete in their spatial distribution. To overcome this problem of missing surface parts the
open model concept by Vinje et al. (1999) is used within NORSARS3D. This method ignores
rays if they would go through an area with missing information. Additionally to the surfaces a
valid model also requires seismic properties (velocity, density). On the other hand the
dynamic ray tracing theory by Cerveny (1985) should be applied onto the model (Gjgystdal et
. ) al., 2002). This dynamic ray tracing theory contains the calculation of ray paths as well as the
calculation ray attributes like wavefront curvatures and amplitudes along rays. This theory
1 includes both the travelling through certain properties of layers and eventually wave
Workflow conversions at model interfaces. Ray tracing requires a geological model containing at least
< the structure of the interfaces and the seismic properties in between. At any location in the
model, the model must provide the ray-tracer parameters concerning the seismic properties,
e.g., the value and their spatial derivatives of isotropic p- and s- velocity functions, anisotropy
parameters, densities, and attenuation factors. The ray-tracer must also get information
about discontinuities in the properties, that is, about the interfaces. The ray-tracer must have
information on possible ray-interface intersections. In that case the interface normal and
curvature must be provided.
The ray tracing theory imposes some limitations on the geological model (Cerveny, 1985).
Especially the model parameters are a key limiting factor. All properties within the model need
to be smoothed and no rapid changes within the model are allowed.
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With the help of the presented workflow it is possible to verify geological models. In the
mentioned case study the comparison of horizons derived from the real seismic data
and the synthetic seismic data in the time domain show a maximum error of
approximately £20ms. To improve these results we have to update our stacking
velocities. For the future we plan to compare also the results in the depth domain, too. The upper left (A) shows the down-going and reflected wavefront of FFID 1500 at a defined time for
This implies a bigger uncertainty due to inaccuracies of the time-depth conversion. At the deepest horizon (interface).(B) to (D) illustrate the retracing of rays using the event data
the moment we are only using horizons for seismic forward modeling. In the future we computed by the wavefront construction of the same FFID. The primary reflected rays from the
plan to incorporate faults in the forward modeling process to image the effect of fault deepest horizon to all active receivers (B), respectively to a sub-selection of the active receivers
thickness variation. (C, D) are shown.
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